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EXECUTIVE SUMMARY 
The Illinois Department of Transportation (IDOT) uses the Condition Rating Survey 
(CRS) procedure to evaluate the condition of pavements and to project their performance 
into the future.  Since 1994 and 1995, IDOT has been using mathematical models to 
calculate CRS and to predict the future CRS of the pavements.  The objective of this study 
was to update the existing CRS calculation and prediction models and to create new models 
for pavement types without models.  Neither the CRS calculation nor prediction models have 
undergone a complete review in the last seven to ten years; however, the models have been 
slightly adjusted as the data was reviewed.   
As a result of the project, three CRS calculation models were created for pavement 
types without existing calculation models, and eight CRS calculation models were revised.  
Additionally, CRS prediction models were created for four pavement types without existing 
prediction models, and CRS prediction models were revised for 23 pavement types. 
Once the Department has implemented the CRS calculation models, the accuracy of 
the CRS values will be improved.  Models were created for several pavement types that 
have not had calculation models in the past, and all existing models were improved.  In 
addition, most of the CRS calculation models now begin at a CRS of 9.0, the maximum CRS 
used by IDOT.   
Implementation of the CRS prediction models will assist in more accurate prediction 
of the future condition of IDOT-maintained roadways. 
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1. INTRODUCTION 
The Illinois Department of Transportation (IDOT) uses the Condition Rating Survey 
(CRS) procedure to evaluate the condition of pavements and to project their performance 
into the future.  IDOT has been using CRS since 1974, and most people throughout the 
Department are familiar with the rating system.  Every IDOT-maintained roadway is rated on 
a biennial schedule.  The maximum CRS value is 9.0, reflecting a newly constructed 
pavement surface.  The minimum CRS is 1.0, representing total failure of a roadway. 
Since 1994, IDOT has been using mathematical models to calculate CRS and to 
predict the future performance of the pavements.  The calculation procedure involves data 
collection vans driving the roadway sections to be rated, while collecting digital images of 
the roadway and sensor data, including roughness, rutting, and faulting.  Once this 
information has been collected, IDOT’s raters view a roadway section on a workstation in 
the office and determine the five predominant distresses and their severities.  The distresses 
are input into a computer program, which also contains the sensor data (roughness, rutting 
and faulting) from the data collection vans.  The software uses the distress information as 
well as the sensor data and CRS calculation models to calculate the CRS value for the 
pavement section.  The rater may override the calculated CRS if the model seems to be in 
error.  The rating values are somewhat subjective, although less so than in the past, before 
calculation models and sensor data were used. 
Once the CRS calculation process has been completed for the year, the Department 
uses the CRS prediction models to estimate the future condition of the roadway network.  
The models are linear, allowing the Department to deduct the model value from the current 
CRS for every year into the future they want to predict.  The predictions give IDOT’s 
programmers a picture of the overall condition of the roadway system based on the current 
highway program.  With this information, the Department can estimate future highway 
needs, and therefore allocate funding economically and effectively. 
The objective of this study was to update the existing CRS calculation and prediction 
models, and to create new models for pavement types without models.  Neither the CRS 
calculation nor prediction models have been fully reviewed in the last seven to ten years.  
Since that time, new vans have been purchased, with different methods of collecting sensor 
data than the CRS calculation models were developed from.  Several pavement types 
lacked both CRS calculation and prediction models due to a lack of historical data.  These 
models can now be improved, as the projects have aged. 
The first phase of the project involved identifying the pavement types most in need of 
new and revised calculation and prediction models.  Phase 2 required the creation and 
revision of CRS calculation models, to quantify the current condition of pavements.  Phase 3 
entailed the creation and revision of CRS prediction models, to predict the future 
performance of pavements.  Reports are available detailing all three phases  (Heckel and 
Ouyang, January 2007, June 2007, and August 2007). 
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2. MODEL NEEDS 
The Technical Review Panel (TRP) identified the surface types for which CRS 
calculation and prediction models exist.  They also identified the pavements types that do 
not have models, and of those, the most needed models.  Appendix A lists the surface types 
used by the Illinois Roadway Information System (IRIS) and their corresponding IRIS 
surface codes.  Although the IRIS definitions use the term “bituminous,” the term “asphalt” is 
used throughout the remainder of this report.   
Table 1 shows the surface types grouped together by similarity of pavement design, 
and the presence or absence of CRS calculation and prediction models for the interstate 
system.   
Table 1.  Interstate Pavement Types, Surface Codes, and Existing CRS Model Status 
Pavement Type Surface Codes Calculation Model? 
Prediction 
Model? 
Asphalt Concrete Pavement (ACP) 550 and 560 No Yes 
Asphalt Overlays of Jointed Plain 
Concrete Pavement – Unknown or No 
Reinforcement (AC/JPCP) 
600 through 610* Yes No 
Asphalt Overlays of Jointed Reinforced 
Concrete Pavement – Partial or Full 
Reinforcement or Hinge Joints 
(AC/JRCP) 
620 through 630 Yes Yes 
Asphalt Overlays of Continuously 
Reinforced Concrete Pavement 
(AC/CRCP) 
640 Yes Yes 
Jointed Reinforced Concrete Pavement 
– Partial or Full Reinforcement (JRCP) 
720 and 730 Yes Yes 
Hinge Jointed Concrete Pavement 
(HJCP) 
725, 775, and 777 No Yes 
Continuously Reinforced Concrete 
Pavement (CRCP) 
740, 790, and 792 Yes Yes 
Combination – asphalt predominant 95x and 96x No Yes 
Combination – concrete predominant 97x No Yes 
*  All interstate pavements should have known reinforcement.  The surface type code should be 
checked for accuracy for these pavements. 
 
There are four interstate pavement types that currently have no CRS calculation 
model, and one pavement type that currently has no CRS prediction model.  The TRP 
stated that a CRS calculation model for the interstate ACP pavement type was most 
needed.  This pavement type has only been constructed on the interstate system for 
approximately 15 years, and data were sparse when the CRS calculation and prediction 
models were created and last updated. 
Table 2 shows the surface types grouped together by similarity of pavement design, 
and the presence or absence of CRS calculation and prediction models for the non-
interstate system.  There are currently twelve pavement types for which there are no CRS 
calculation models, and six pavement types for which there are no CRS prediction models. 
Development of CRS calculation and prediction models for any of the pavement 
types without models would be beneficial to the Department’s rating and prediction 
processes. 
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Table 2.  Non-Interstate Pavement Types, Surface Codes, and Existing CRS Model Status 
Pavement Type Surface Codes  Calculation Model? 
Prediction 
Model? 
Unimproved/Graded & Drained/ 
Soil/Gravel 
010 through 210 No No 
Asphalt Surface Treated – Low Type 
(ACSTLT) 
300 No No 
Asphalt Concrete Pavement – Low Type 
(ACPLT) 
400 and 410 No No 
Asphalt Surface Treated – High Type 
(ACSTHT) 
500 Yes Yes 
Asphalt Concrete over Rubblized 
Concrete (AC/Rubb) 
501 through 540 No Yes 
Asphalt Concrete Pavement – High Type 
(ACP) 
550 and 560 Yes Yes 
Asphalt Overlays of PCC – Unknown 
Reinforcement (AC/PCCun) 
600 Yes Yes 
Asphalt Overlays of Jointed Plain 
Concrete Pavement – No Reinforcement 
(AC/JPCP) 
610 Yes Yes 
Asphalt Overlays of Jointed Reinforced 
Concrete Pavement – Partial or Full 
Reinforcement or Hinged Joints 
(AC/JRCP) 
620 through 630 Yes Yes 
Asphalt Overlays of Continuously 
Reinforced Concrete Pavement 
(AC/CRCP) 
640 Yes Yes 
Asphalt Overlays of Brick, Block, or 
Other (AC/BBO) 
650 No Yes 
PCC – Unknown Reinforcement 
(PCCun) 
700, 760 and 762 Yes Yes 
Jointed Plain Concrete Pavement – No 
Reinforcement (JPCP) 
710, 765, 767 Yes Yes 
Jointed Reinforced Concrete Pavement 
– Partial or Full Reinforcement (JRCP) 
720, 730, 770, 772, 
780, 782 
Yes Yes 
Hinge Jointed Concrete Pavement 
(HJCP) 
725, 775, and 777 No Yes 
Continuously Reinforced Concrete 
Pavement (CRCP) 
740, 790, and 792 Yes Yes 
Brick, Block or Other (BBO) 800 No No 
Combination – asphalt low type 
predominant 
90x through 94x No No 
Combination – asphalt high type 
predominant 
95x  No Yes 
Combination – asphalt overlays of 
concrete predominant 
96x No Yes 
Combination – concrete predominant 97x No Yes 
Combination – brick, block, or other 
predominant 
98x No No 
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3. CRS CALCULATION MODEL DEVELOPMENT 
CRS calculation model development is described in detail in the Phase 2 Report and 
summarized here (Heckel and Ouyang, June 2007).  This section details the development of 
CRS calculation models.  The data used for development, the development process, and 
the models chosen by the TRP are presented. 
3.1 DATA USED IN MODEL DEVELOPMENT 
IRIS data from 2003, 2005, and 2006 were used in CRS calculation model 
development and validation.  This covers CRS surveys from 2002 through 2006.  The 2005 
database was used to develop the CRS calculation models, with the 2003 and 2006 
databases used for model verification.  For a few pavement types, there was insufficient 
data in the 2005 database to develop a model, so available data from 2003 and 2006 were 
added. 
Data were cleaned to remove anomalous records.  Data that had the following 
characteristics were removed from the analysis: 
 
• Concrete surface type with asphalt distresses recorded (inaccurate) 
• Asphalt surface type with concrete distresses recorded (inaccurate) 
• CRS = 0 (not rated) 
• CRS = 9.0 with no sensor data or distresses (partial data) 
• CRS less then 9.0 with no sensor data or distresses recorded (partial data) 
 
After records with one or more of these characteristics were deleted, approximately 
14,000 miles remained in the 2003 and 2005 databases, and approximately 8,000 miles 
remained in the 2006 database.  The 2006 database is smaller because the 2005 CRS 
values were deleted to avoid duplication with the 2005 database. 
After preliminary model development, several records that contained CRS values 
less than 7.6 but no recorded distresses were removed from the analysis.  A CRS value of 
7.6 is the lowest “excellent” pavement rating; below that level, distresses are generally 
expected.  Keeping the records with lower CRS values and no distresses in the analysis 
was negatively impacting the model development process. 
Other marked pavements (U.S. and Illinois routes) and unmarked pavements (city 
streets and historical roadways) were initially evaluated separately, until the research 
revealed no benefit.  They are treated together throughout the remainder of this report.   
The surface types used by IRIS were combined into pavement types by similarity of 
design.  The CRS is determined in the same way for any asphalt-surfaced pavement and 
any asphalt overlay of jointed concrete pavements.  Similarly, the CRS is determined in the 
same way for all bare jointed concrete pavements. The pavement types used in the CRS 
calculation model analysis are detailed in Table 3.  This table is more consolidated than 
Table 1. 
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Table 3.  Pavement Types for CRS Calculation Modeling 
System Pavement Type Surface Codes 
Asphalt Concrete Pavements (ACP) 550 and 560 
Asphalt Overlays of Jointed Concrete Pavements 
(AC/JPCC) 
600 to 630 
Asphalt Overlays of CRCP (AC/CRCP) 640 
Jointed Concrete Pavements (JPCC) 700 to 730, 760 to 
782 
Continuously Reinforced Concrete Pavement 
(CRCP) 
740, 790, 792 
Interstate 
Combination Surface Type 9xx 
Unimproved Pavements/Graded & Drained/ 
Soil/Gravel 
010 to 210 
Asphalt Concrete Surface Treatments (ACST) 300 
Asphalt Concrete Pavement  – Low Type (ACPLT) 400, 410 
Asphalt Concrete Pavements (ACP) 500 to 560 
Asphalt Overlays of Jointed Concrete Pavements 
(AC/JPCC) 
600 to 630 
Asphalt overlays of CRCP (AC/CRCP) 640 
Asphalt Concrete Overlay of Brick, Block, or Other 
(AC/BBO) 
650 
Jointed Concrete Pavements (JPCC) 700 to 730, 760 to 
782 
Continuously Reinforced Concrete Pavement 
(CRCP) 
740, 790, 792 
Brick, Block or Other (BBO) 800 
Non-Interstate  
Combination Pavements (Comb.) 9xx 
3.2 CRS CALCULATION MODEL DEVELOPMENT PROCESS 
Revision of the CRS calculation models is possible because IDOT’s raters have 
overridden the calculated CRS value when it seems to be in error.  If overrides had not 
occurred, the new models would exactly match the existing models.  The raters have 
overridden the calculated CRS value in instances such as a certain distress not affecting the 
CRS as much as it should.  It is possible for the raters to change the severity values viewed 
on the pavement section to attain the desired CRS.  However, models can only be improved 
if the true distress severities are recorded and the CRS is modified to match the “correct” 
value.  Note that there is some subjectivity to the rating process that the CRS calculation 
models are attempting to quantify.  The Department should continue to provide annual 
training of the individuals performing the ratings, to ensure consistency, accuracy, and 
proper reasons for overriding the CRS calculation models. 
Model development was accomplished by using multiple linear regression, with CRS 
as the dependent variable and all distresses and sensor data as independent variables.  
The form of the CRS calculation equations is as follows: 
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CRS = Intercept – x*IRI – y* Rutting – z*Faulting – a*A – b*B – c*C … 
 
Where: 
Intercept is the starting point for the calculation 
x, y, and z are coefficients for the sensor data (as applicable) 
IRI, Rutting, and Faulting are the values of the sensor data 
a, b, c … are the coefficients for the distresses 
A, B, C … are the severity values of distresses recorded by the raters 
 
Independent variables (distresses and sensor data) were removed from the model if 
they caused the CRS to increase or had a statistically insignificant effect on the CRS.  In the 
past, the intercept has been defined by the regression analysis and was close to 9.0.  The 
TRP preferred forcing the intercept to equal exactly 9.0, the maximum CRS used by the 
Department.  By subtracting 9.0 from the actual CRS and specifying no intercept, the 
regression analysis forced the intercept to equal 9.0.  For most pavement types, this did not 
compromise accuracy.  If the accuracy of the models decreased, then the intercept was 
determined by the standard regression procedure. 
Models were evaluated for accuracy in three ways.  The TRP agreed that a model 
that predicts the CRS within +/-0.5 points of the actual CRS value recorded in IRIS is 
accurate.  Therefore, for each model, the percent of pavement sections within +/-0.5 CRS 
points of the actual CRS value was determined and optimized.  The regression coefficient 
(R2) was also examined for every calculation model.  The closer the R2 was to 1.0, the more 
accurate the model was.  Graphs of predicted and actual CRS for every pavement type 
were also generated to show model accuracy visually.  Two of these graphs are shown in 
Figure 1 and Figure 2 for one pavement type, as an example. 
 
Figure 1.  Interstate AC/CRCP percent within +/-0.5 CRS. 
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Figure 2.  Interstate predicted CRS vs. actual CRS. 
A sensitivity analysis was performed for each model, showing the influence each 
model variable had on the calculated CRS.  The sensitivity analysis for the example 
pavement type is shown in Figure 3.  In this example, Distresses S (centerline deterioration) 
and X (reflective D-cracking) have the most affect on CRS, while Distress U (permanent 
patch deterioration) has the least affect.  See Appendix B for distress letter definitions. 
 
Figure 3.  Interstate AC/CRCP sensitivity analysis. 
3.3 CALCULATION MODELS CHOSEN BY THE TRP 
After the TRP reviewed the CRS calculation models, they chose models for 
implementation based on accuracy (as described in 3.2) and engineering judgment.  The 
distresses included in the models and the relative influence each distress had on CRS were 
factors that were considered in model selection.  For pavement types where the 9.0 
intercept model was as accurate or nearly as accurate as the standard model, the 9.0 
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intercept model was chosen.  Because the CRS rating starts at 9.0, it is reasonable to use 
the 9.0 models where possible.  Table 4 details the models chosen for implementation by 
the TRP. 
Table 4.  Summary of CRS Calculation Models Chosen by the Working Group 
System Pavement Type Surface Codes Model 
ACP 550 & 560 9.0 Intercept 
AC/JPCC 600 to 630 9.0 Intercept 
AC/CRCP 640 9.0 Intercept 
JPCC* 700 to 730, 760 to 782 Current 
CRCP 740, 790, 792 9.0 Intercept 
Interstate 
Combination 9xx None 
Unimproved/Graded & 
Drained/Soil/ Gravel 
010 to 210 None 
ACST 300 None 
ACPLT 400 & 410 9.0 Intercept 
ACP 500 to 560 9.0 Intercept 
AC/JPCC 600 to 630 9.0 Intercept 
AC/CRCP 640 Standard 
AC/BBO 650 9.0 Intercept 
JPCC 700 to 730, 760 to 782 Standard 
CRCP 740, 790, 792 Standard 
BBO 800 None 
Non-
Interstate 
Combination 9xx None 
*  There was insufficient data to revise this model. 
 
Table 5 and Table 6 list the asphalt and concrete CRS calculation model coefficients 
for the interstate system, respectively.  The distress letter definitions are included in 
Appendix B.  Blank cells indicate distresses that were not appropriate to the pavement type 
or were removed from the analysis as described in 3.2. 
Table 5.  Interstate Asphalt Surface CRS Calculation Model Coefficients 
Distress ACP AC/JPCC AC/CRCP 
Intercept 9.0 9.0 9.0 
IRI -0.007 -0.005 -0.006 
Rut -2.589 -1.829 -1.605 
L    
M -0.544 -0.326 -0.356 
O -0.091 -0.142 -0.115 
P -0.301 -0.214 -0.235 
Q -0.118 -0.189 -0.139 
R    
S -0.234 -0.350 -0.387 
T   -0.171 
U  -0.112 -0.064 
V    
W  -0.383  
X  -0.326 -0.351 
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Table 6.  Interstate Concrete Calculation Model Coefficients 
Distress CRCP 
Intercept 9.0 
IRI -0.007 
A -0.225 
B -0.317 
C  
D -0.342 
E -0.254 
F -0.085 
H  
I  
J -0.103 
K -0.322 
 
The Department will continue to use the current interstate JRCP model for all JPCC 
pavements, as there were insufficient records to develop a new model, even after combining 
data from 2003 and 2006 with the 2005 data.  Table 7 and Table 8 list the asphalt and 
concrete model coefficients for the non-interstate system, respectively. 
Table 7.  Non-Interstate Asphalt Surface CRS Calculation Model Coefficients 
Distress ACPLT ACP AC/JPCC AC/CRCP AC/BBO 
Intercept 9.0 9.0 9.0 9.182 9.0 
IRI -0.004 -0.002 -0.002 -0.001 -0.002 
Rut -0.3 if ≥0.25* -1.403 -0.430 -1.068 -0.998 
L  -0.236 -0.203 -0.207  
M -0.574 -0.271 -0.210 -0.209 -0.204 
O -0.305 -0.378 -0.444 -0.483 -0.485 
P   -0.036   
Q  -0.199 -0.175 -0.184 -0.250 
R  -0.088 -0.063  -0.113 
S -0.286 -0.252 -0.237 -0.290 -0.123 
T -0.409 -0.208 -0.176 -0.178 -0.182 
U  -0.146 -0.610 -0.604  
V  -0.253 -0.114   
W -1.531 -0.311 -0.316 -0.264 -0.283 
X   -0.074   
* 0.3 CRS point are deducted from the CRS value if rutting is greater than or equal to 0.25 as 
measured by the sensors on the van. 
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Table 8.  Non-Interstate Concrete CRS Calculation Model Coefficients 
Distress JPCC CRCP 
Intercept 8.254 8.204 
IRI -0.001 -0.003 
Fault   
A -2 if ≥ 4* -0.334 
B -0.274 -0.226 
C -0.453  
D -0.292 -0.318 
E -0.076  
F  -0.049 
H -0.119  
I -0.134  
J -0.141 -0.165 
K   
*  2 CRS points are deducted from the CRS value if the 
severity of D-cracking equals or exceeds level 4. 
3.4 RECOMMENDATIONS FOR FUTURE IMPROVEMENT OF THE CRS 
CALCULATION MODELS 
The Department implemented the created and revised CRS calculation models in the 
spring of 2007.  It should be emphasized that the calculated CRS value should only be 
overridden with good reason, such as a particular distress not having enough effect on the 
CRS value. 
Several factors could improve the accuracy of CRS calculation models in the future.  
First, all distresses should be recorded, not only the five most predominant distresses.  This 
would ensure that a “0” value truly meant that the distress was not present, not that it simply 
was not recorded.  Distresses that are not recorded often stand little chance of being 
included in the calculation models.  Second, all distresses should have the same number of 
severity levels.  Currently, the distresses used by IDOT have anywhere from three to six 
levels of distress.  Third, training must continue to emphasize the proper use of overrides, 
and that severity levels should not be changed from what is observed on the pavement 
section simply to get the CRS value desired from the calculation models. 
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4. CRS PREDICTION MODEL DEVELOPMENT 
CRS prediction model development is described in detail in the Phase 3 Report and 
summarized here (Heckel and Ouyang, August 2007).  This section details the development 
of CRS prediction models.  The data used for development, the development process, and 
the recommended models are presented. 
4.1 CRS PREDICTION MODEL FORM 
The existing modeling process involves identifying individual pavement sections and 
tracking their CRS values over time.  A rate of change (slope) of CRS over time can be 
determined for each pavement section by calculating the change in CRS divided by the 
change in age.  Once each slope is calculated, an average slope of all the pavement 
sections is determined.  This average slope is the prediction model for pavements of similar 
design.  The existing models use a two-slope method for predicting CRS, with different 
slopes above and below a break point of 6.5.  The form of the models is as follows: 
 
If current CRS ≥ BP, Future CRS = Current CRS – slope9.0-BP*years of prediction 
 
If current CRS < BP, Future CRS = Current CRS – slopeBP-1.0*years of prediction 
 
Where: 
Current CRS = CRS value from most recent survey 
BP = break point (currently 6.5 for all pavement types) 
Slope9.0-BP = model slope value from a CRS of 9.0 to the break point 
SlopeBP-1.0 = model slope value from the break point to a CRS of 1.0 
Years of prediction = number of years into the future the prediction is desired 
 
This model form was retained for the creation and revision of CRS prediction models. 
4.2 DATA USED 
IRIS data from every odd year from 1993 through 2005 were used in model 
development.  This time period covered CRS surveys from 1992 through 2005.  Every 
IDOT-maintained roadway may have been surveyed up to seven times during this interval.   
Data preparation included cleaning and consolidating the data, determining age of 
the pavement sections, updating the district/county alignment, and identifying D-cracking 
and SMART projects.  The age information was prone to inaccuracies.  There were many 
sections with a CRS of 9.0 (new construction) at 10, 20, and even 30 years of age.  The 
inaccuracy occurs when the Original Construction Year and/or Surface Construction Year 
are not changed in IRIS when rehabilitation or reconstruction is performed on a given 
roadway section.  The inaccurate age information did not affect the model development 
process, because the models are based on slopes.  The starting age for a trace is not 
relevant to the analysis. 
In 2005 and again in 2006, some counties were moved to different districts.  All 
historical data from the affected counties were updated to their current districts.  SMART 
projects are pavement sections that have had thin asphalt overlays constructed earlier than 
rehabilitation is usually performed (Bureau of Design and Environment 2002).  D-cracking 
projects and SMART projects are anticipated to have shorter life spans than standard 
projects, so they were evaluated separately. 
Identifying the SMART projects was a challenge, as there currently is no identifying 
field in IRIS.  The databases had to be cross-referenced with the annual programs from 
1987 through 2005 to identify the projects.  Some projects may have been identified as 
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SMART in the annual programs, and yet the CRS would not experience a corresponding 
increase.  In those cases, the projects were not flagged.  It is highly recommended that the 
SMART projects be identified in the IRIS database as they are constructed for the 
performance of SMART projects to be more accurately evaluated. 
4.3 CRS PREDICTION MODEL DEVELOPMENT PROCESS 
The pavement types shown in Table 1 were used without further grouping for CRS 
prediction model development.  The pavement types could be grouped more for the CRS 
calculation model development process, because CRS is determined in the same way for all 
asphalt-surfaced concrete pavements, and for all bare concrete pavements.  The CRS value 
is a mathematical evaluation of the visible condition of the pavement.  CRS prediction, 
however, is a function of the deterioration of the entire pavement structure, not solely the 
surface.  Therefore, fewer pavement types were combined, as the minor changes in 
structure may have a more significant effect on long-term performance.  Because the 
calculation of CRS and the future prediction of CRS are two separate operations, the 
combining of pavement types or lack thereof will not effect implementation of either phase. 
Performance modeling software developed for IDOT in 1995 was again used for 
prediction model development.  However, a new graphing procedure was created to counter 
some limitations in the software.  The existing graphing procedure was unable to produce a 
graph for large data sets.  Models that use a break point at an intermediate CRS value could 
not be shown one graph.  The new graphing procedure, described in more detail in the 
Phase 3 Report, overcame both of these obstacles.  Although all calculation of slopes was 
still performed by the existing software, visualizing accuracy on the graphs was very 
important to the model development process. 
Two aspects of the current model form were evaluated in model development.  First, 
IDOT districts had been grouped into districts 1 through 4 in the northern half of Illinois, and 
districts 5 through 9 in the southern half.  The appropriateness of that split was examined 
and found to be accurate for asphalt-surfaced pavements.  No trend was identified for 
concrete pavements. 
Second, the current models use a CRS of 6.5 as a break point.  The accuracy of the 
6.5 break point value was analyzed in the model development process.  Once graphs for all 
pavement types were created, it was apparent that a break point other than 6.5 might yield 
more accurate models.  The break point was varied and the resulting slopes from the 
performance modeling software were graphed with the data.  Examining the models with 
respect to the data on the graphs revealed the most accurate break points. 
The research showed that using a CRS value of 5.5 provided more accurate models 
for asphalt-surfaced pavements, while a CRS value of 7.0 provided more accurate models 
for concrete pavements.  Asphalt-surfaced pavements tend to deteriorate quickly initially, 
and then stabilize.  Removing “flats” from the data, where the CRS stayed the same 
between consecutive surveys, further increased the accuracy of the asphalt-surfaced 
pavement models.  Concrete pavements, conversely, tend to stay at a high CRS level for a 
long period of time, and then begin to deteriorate more rapidly.  It is reasonable for concrete 
pavements to stay at the same CRS value for consecutive surveys, so the “flats” were 
retained for concrete prediction model development. 
Figure 4 shows an example of the difference between break points of 6.5 and 5.5 for 
asphalt-surfaced pavements.  Please note that the apparent “outliers” are pavement 
sections with inaccurate age information.  The slopes of those sections are still usable in 
model development.  The 6.5 break point model under-predicts deterioration throughout the 
CRS range in which data is present.  The models are estimates below a CRS of 4.0, the 
lowest CRS recorded for this pavement type. 
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Figure 4.  Difference between 5.5 and 6.5 break points on non-interstate 
AC/JRCP, districts 5 through 9. 
Figure 5 shows an example of the difference between break points of 6.5 and 7.0 for 
concrete pavements.  The 6.5 break point model tends to over-predict deterioration 
throughout the life of the pavements.  The models are estimates below a CRS of 4.0. 
 
Figure 5.  Difference between 7.0 and 6.5 break points on non-interstate 
CRCP, all districts. 
4.4 RECOMMENDED CRS PREDICTION MODELS 
The division of districts into northern and southern halves of Illinois was used 
wherever accuracy was increased by its application.  The recommended models use the 5.5 
break point for asphalt-surfaced pavements and the 7.0 break point for concrete pavements, 
whenever possible.  For pavements types that had insufficient data either above or below 
the break point for model development, no break point is used.  Because of the negative 
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affect of D-cracking and SMART projects, no models are recommended that predict slower 
deterioration than the standard models.  In those instances, the standard model is 
recommended. 
For all pavement types, the current and proposed prediction models were depicted 
graphically with the data used for model development.  Accuracy for all CRS prediction 
models was determined by examining the location of the models with respect to the 
pavement section data on the graphs.  The most accurate models will appear through the 
middle of the majority of the data.  Although the ideal break point could have been different 
for each pavement type, for ease of implementation, one break point was chosen for all 
asphalt-surfaced pavements and another for concrete pavements.  Even this change 
created the need for reprogramming the procedure the Department uses to predict future 
condition of pavements.  
An example graph for an asphalt-surfaced pavement type is shown in Figure 6.  
Again, some of the age information is incorrect, resulting in “outliers” appearing on the 
graph.  These sections were still usable in model development, because the models are 
based on slopes, with the starting age being irrelevant.  Note in this example that the current 
model under-predicts deterioration, while the proposed model predicts deterioration more 
accurately. 
 
Figure 6.  Non-interstate AC/JPCP, districts 5 through 9. 
Figure 7 shows a graph for a concrete pavement type.  Note in this example that the 
current model is over-predicting deterioration, while the proposed model is accurately 
predicting deterioration. 
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Figure 7.  Non-interstate CRCP, all districts. 
The elapsed time for the proposed models to deteriorate from a CRS value of 9.0 to 
a CRS value of 4.5 was determined.  IDOT considers a pavement to be in “poor” condition 
when it reaches a CRS of 4.5.  Table 9 and Table 10 include the recommended interstate 
models’ slopes and Table 11 includes the time to a CRS of 4.5 for the recommended 
interstate models.  
 16
Table 12 and Table 13 include the recommended non-interstate models’ slopes, and Table 
14 includes the time to a CRS of 4.5 for the recommended non-interstate models. 
Table 9.  Interstate Asphalt-Surfaced Pavements’ Proposed Models’ Slopes 
Standard D-Cracking SMART Pavement Type Districts
9.0-5.6 5.5-1.0 9.0-5.6 5.5-1.0 9.0-5.6 5.5-1.0
1 - 4 0.451 0.451     550/560 
5 - 9 0.272 0.272     
1 - 4 0.299 0.264 0.275 0.286 0.425 0.200 600/610 
5 - 9 0.299 0.264 0.491 0.491 0.425 0.200 
1 - 4 0.358 0.239 0.333 0.253 0.426 0.426 625/615 
5 - 9 0.331 0.206 0.491 0.491 0.426 0.426 
1 - 4 0.358 0.239 0.333 0.253 0.426 0.426 620/630 
5 - 9 0.331 0.206 0.491 0.491 0.426 0.426 
1 - 4 0.356 0.356 0.356 0.356 0.356 0.356 640 
5 - 9 0.270 0.270 0.395 0.395 0.270 0.270 
1 - 4 0.314 0.314 0.388 0.388   95x/96x 
5 - 9 0.314 0.314 0.388 0.388   
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Table 10.  Interstate Concrete Pavements’ Proposed Models’ Slopes 
Standard D-Cracking Pavement Type Districts
9.0-7.1 7.0-1.0 9.0-7.1 7.0-1.0 
1 - 4 0.140 0.140 0.225 0.225 725/775 
5 - 9 0.140 0.140 0.225 0.225 
1 - 4 0.213 0.228 0.225 0.225 720/730/770/780
5 - 9 0.213 0.228 0.225 0.225 
1 - 4 0.144 0.165 0.203 0.203 740/792 
5 - 9 0.144 0.165 0.203 0.203 
1 - 4 0.221 0.248 0.388 0.388 97x 
5 - 9 0.221 0.248 0.388 0.388 
Table 11.  Interstate Proposed Models’ Years to CRS 4.5 
Standard D-Cracking SMART System Pavement Type Districts
(years) (years) (years) 
1 - 4 10.0     550/560 
5 - 9 16.5     
1 - 4 15.5  13.2 600/610/615 
5 - 9 15.5 9.2 13.2 
1 - 4 14.0   10.6 620/625/630 
5 - 9 15.4 9.2 10.6 
1 - 4 12.6     640 
5 - 9 16.7 11.4   
1 - 4 32.1 20.0   725/775 
5 - 9 32.1 20.0   
1 - 4 20.4 20.0   720/730/770/780
5 - 9 20.4 20.0   
1 - 4 29.0 22.2   740/792 
5 - 9 29.0 22.2   
1 - 4 14.3 11.6   95x/96x 
5 - 9 14.3 11.6   
1 - 4 19.1 11.6   
Interstate 
97x 
5 - 9 19.1 11.6   
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Table 12.  Non-Interstate Asphalt-Surfaced Pavements’ Proposed Models’ Slopes 
Standard D-Cracking SMART Pavement Type Districts
9.0-5.6 5.5-1.0 9.0-5.6 5.5-1.0 9.0-5.6 5.5-1.0
1 - 4 0.451 0.451 N/A N/A None None 300 
5 - 9 0.451 0.451 N/A N/A None None 
1 - 4 0.374 0.374 N/A N/A 0.388 0.388 400/410 
5 - 9 0.374 0.374 N/A N/A 0.388 0.388 
1 - 4 0.322 0.248 N/A N/A 0.367 0.367 500 
5 - 9 0.322 0.248 N/A N/A 0.367 0.367 
1 - 4 0.825 0.825 N/A N/A None None 520/530 
5 - 9 0.825 0.825 N/A N/A None None 
1 - 4 0.350 0.251 N/A N/A 0.392 0.240 550/560 
5 - 9 0.297 0.225 N/A N/A 0.317 0.181 
1 - 4 0.293 0.181 0.353 0.353 0.325 0.121 600 
5 - 9 0.293 0.181 0.353 0.353 0.332 0.242 
1 - 4 0.382 0.244 0.353 0.353 0.419 0.250 610 
5 - 9 0.303 0.203 0.353 0.353 0.329 0.185 
1 - 4 0.372 0.216 0.353 0.353 0.417 0.236 625 
5 - 9 0.303 0.155 0.353 0.353 0.359 0.208 
1 - 4 0.372 0.216 0.353 0.353 0.417 0.236 620/630 
5 - 9 0.303 0.155 0.353 0.353 0.359 0.208 
1 - 4 0.356 0.216 0.353 0.353 0.290 0.290 640 
5 - 9 0.356 0.216 0.353 0.353 0.290 0.290 
1 - 4 0.407 0.174 0.353 0.353 0.399 0.113 650 
5 - 9 0.288 0.171 0.353 0.353 0.399 0.113 
1 - 4 0.191 0.191 N/A N/A 0.517 0.517 95x 
5 - 9 0.191 0.191 N/A N/A 0.517 0.517 
1 - 4 0.442 0.197 0.326 0.326 0.414 0.414 96x 
5 - 9 0.287 0.150 0.326 0.326 0.414 0.414 
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Table 13.  Non-Interstate Concrete Pavements’ Proposed Models’ Slopes 
Standard D-Cracking Pavement Type Districts
9.0-7.1 7.0-1.0 9.0-7.1 7.0-1.0 
1 - 4 0.141 0.129 0.192 0.192 700/760 
5 - 9 0.141 0.129 0.192 0.192 
1 - 4 0.184 0.190 0.192 0.192 710/765/767 
5 - 9 0.126 0.159 0.192 0.192 
1 - 4 0.111 0.088 0.232 0.232 725/775 
5 - 9 0.111 0.088 0.198 0.198 
1 - 4 0.137 0.163 0.232 0.232 720/730/770/772
777/780/782 5 - 9 0.137 0.163 0.198 0.198 
1 - 4 0.096 0.136 0.187 0.203 740/790/792 
5 - 9 0.096 0.136 0.187 0.203 
1 - 4 0.170 0.170 N/A N/A 800 
5 - 9 0.170 0.170 N/A N/A 
1 - 4 0.329 0.197 0.439 0.439 97x 
5 - 9 0.223 0.168 0.439 0.439 
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Table 14.  Non-Interstate Proposed Models’ Years to CRS 4.5 
Standard D-Cracking SMART System Pavement Type Districts
(years) (years) (years) 
1 - 4 10.0     300 
5 - 9 10.0     
1 - 4 12.0   11.6 400/410 
5 - 9 12.0   11.6 
1 - 4 14.9   12.3 500 
5 - 9 14.9   12.3 
1 - 4 5.5     501-540 
5 - 9 5.5     
1 - 4 14.0   13.1 550/560 
5 - 9 16.2   16.7 
1 - 4 17.5 12.7 19.0 600 
5 - 9 17.5 12.7 14.7 
1 - 4 13.3 12.7 12.4 610 
5 - 9 16.4 12.7 16.0 
1 - 4 14.0 12.7 12.6 620/625630 
5 - 9 18.0 12.7 14.6 
1 - 4 14.5 12.7 15.5 640 
5 - 9 14.5 12.7 15.5 
1 - 4 14.3 12.7 17.6 650 
5 - 9 18.0 12.7 17.6 
1 - 4 33.6 23.4   700/760 
5 - 9 33.6 23.4   
1 - 4 24.0 23.4   710/765/767 
5 - 9 31.6 23.4   
1 - 4 32.1 19.4   725/775 
5 - 9 32.1 22.7   
720/730/770/772 1 - 4 30.0 19.4   
777/780/782 5 - 9 51.4 22.7   
1 - 4 39.2 23.0   740/790/792 
5 - 9 39.2 23.0   
1 - 4 26.5     800 
5 - 9 26.5     
1 - 4 23.6   8.7 95x 
5 - 9 23.6   8.7 
1 - 4 13.0 13.8 10.9 96x 
5 - 9 18.9 13.8 10.9 
1 - 4 18.8 10.3   
Non-interstate 
97x 
5 - 9 23.8 10.3   
 
The expected life of D-cracking and SMART pavements were compared to the life of 
standard pavements.  D-cracking decreased expected life by 19 percent on asphalt overlays 
of D-cracked pavements, and by 20 to 40 percent on bare concrete pavements.  SMART 
overlays decreased the expected life of standard overlays by 12 to 18 percent. 
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5. SUMMARY AND CONCLUSIONS 
Table 15 presents the models developed or revised as part of this research project.  
Where one entry is recorded for multiple pavement types, the data were combined for model 
development and one model is used for all pavement types included. 
Table 15.  Pavement Types and Created or Revised Models 
System Pavement Type Calculation Model Prediction Model 
ACP C R 
AC/JPCP C 
AC/JRCP R R 
AC/CRCP R R 
JRCP 
HJCP Current R 
CRCP R R 
95x and 96x None R 
Interstate 
97x None R 
Unimproved/Graded & 
Drained/Soil/Gravel None None 
ACSTLT None C 
ACPLT C C 
ACSTHT R 
AC/Rubb R 
ACP 
R 
R 
AC/PCCun R 
AC/JPCP R 
AC/JRCP 
R 
R 
AC/CRCP R R 
AC/BBO C R 
PCCun R 
JPCP R 
JRCP R 
HJCP 
R 
R 
CRCP R R 
BBO None C 
90x through 94x None None 
95x None R 
96x None R 
97x None R 
Non-Interstate 
98x None None 
C = created R = revised 
 
Three CRS calculation models were created for pavement types without existing 
calculation models, and CRS prediction models were created for four pavement types 
without existing prediction models.  Additionally, eight CRS calculation models were revised 
and CRS prediction models were revised for 23 pavement types. 
CRS calculation models could be further improved by recording the severity of all 
distresses present on the pavement sections, not just the five predominant distresses.  This 
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would ensure that a blank field for a distress truly means it was not present, not that it may 
have been present but not one of the top five distresses.   
Another change that would improve future models would be the adoption of a 
consistent number of severity levels for all distresses.  The Long-Term Pavement 
Performance Program of the Federal Highway Administration has a Distress Identification 
program that addresses both of these issues (FHWA 2003).   
To ensure proper use of the CRS calculation models, and to ensure the models can 
be further refined in the future, training must continue to emphasize the proper use of 
overrides.  It should also continue to be emphasized that severity levels should not be 
changed from what is observed on the pavement section simply to get the CRS value 
desired from the calculation models. 
The accuracy of CRS prediction models would be more easily determined if the age 
data for all projects were correct.  Outliers would be more apparent and could be removed 
from the analysis.  Additionally, to ensure proper identification and analysis of projects in the 
SMART program, a SMART field should be added to IRIS. 
Prediction models should be revised in the future as more pavement sections of the 
interstate ACP pavement type age below a CRS of 6.0.  The non-interstate HJCP pavement 
type should also be revised as the projects already constructed age below a CRS of 7.0.   
Once the Department has implemented the CRS calculation models, the accuracy of 
the CRS values will be improved.  Models were created for several pavement types that 
have not had calculation models in the past, and all existing models were improved.  In 
addition, most of the CRS calculation models now begin at a CRS of 9.0, the maximum CRS 
used by IDOT.   
Implementation of the CRS prediction models will result in more accurate prediction 
of the condition of IDOT-maintained roadways into the future.  Prediction models were 
created for several types of pavements without existing models, and the existing models 
were improved with the use of the new break points. 
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APPENDIX A.  SURFACE TYPES AND CODES IN IRIS 
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Table 16.  IRIS Surface Codes and Definitions 
Code Description 
010 Unimproved 
020 Graded and Drained 
100 Soil-Surfaced – without dust palliative treatment 
110 Soil-Surfaced – with dust palliative treatment 
200 Gravel or stone – without dust palliative treatment 
210 Gravel or stone – with dust palliative treatment 
300 Bituminous Surface-Treated (low type bituminous) 
400 Mixed Bituminous (low type bituminous) 
410 Bituminous Penetration (low type bituminous) 
500 Bituminous Surface Treated (high type bituminous) 
501 High Type Bituminous over PCC Rubblized (reinforcement unknown) 
510 High Type Bituminous over PCC Rubblized (no reinforcement) 
520 High Type Bituminous over PCC Rubblized (partial reinforcement) 
525 High Type Bituminous over PCC Rubblized (hinge-joints) 
530 High Type Bituminous over PCC Rubblized (full reinforcement) 
540 High Type Bituminous over PCC Rubblized (continuous reinforcement) 
550 Bituminous Concrete (non Class I), Sheet Rock or Rock Asphalt 
560 Bituminous Concrete Pavement (full-depth) 
600 High Type Bituminous over PCC (reinforcement unknown) 
610 High Type Bituminous over PCC (no reinforcement) 
615 High Type Bituminous over PCC (no reinforcement, short panels/dowels)
620 High Type Bituminous over PCC (partial reinforcement) 
625 High Type Bituminous over PCC (hinged joints) 
630 High Type Bituminous over PCC (full reinforcement) 
640 High Type Bituminous over PCC (continuous reinforcement) 
650 High Type Bituminous over brick, block, or other 
700 PCC – reinforcement unknown 
710 PCC – no reinforcement 
720 PCC – partial reinforcement 
725 PCC – hinged joints 
730 PCC – full reinforcement 
740 PCC – continuous reinforcement 
760 Non-reinforced over PCC (reinforcement unknown) 
762 Reinforced over PCC (reinforcement unknown) 
765 Non-reinforced over PCC (no reinforcement) 
767 Reinforced over PCC (no reinforcement) 
770 Non-reinforced over PCC (partial reinforcement) 
772 Reinforced over PCC (partial reinforcement) 
775 Non-reinforced over PCC (hinged joints) 
777 Reinforced over PCC (hinged joints) 
780 Non-reinforced over PCC (full reinforcement) 
782 Reinforced over PCC (full reinforcement) 
790 Non-reinforced over PCC (continuous reinforcement) 
792 Reinforced over PCC (continuous reinforcement) 
800 Brick, Block or Other 
9** Combination 
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APPENDIX B.  CRS DISTRESS DEFINITIONS AND SEVERITIES 
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Table 17.  Distress Definitions and Severities 
Type Letter Code Definition Range 
All IRI International Roughness Index (from vans) Any 
Rut Depth Rut Depth (from vans) Any 
A D-Cracking (Durability Cracking) 1 – 5 
B Transverse Cracking 1 – 5 
C Joint Deterioration 1 – 4 
D Centerline Deterioration 1 – 3 
E Longitudinal Cracking 1 – 4 
F Edge Punchouts (CRCP) 1 – 3 
G Faulting 1 – 6 
H Corner Breaks (jointed pavements) 1 – 3 
I Map Cracking and Scaling 1 – 3 
J Popouts/High Steel 1 – 3 
Concrete 
K Permanent Patch Deterioration 1 – 4 
Faulting Faulting Height (from vans) Any 
L Alligator Cracking 1 – 4 
M Block Cracking 1 – 4 
N Rutting 1 – 3 
O Transverse Cracking/Joint Reflection Cracks 1 – 5 
P Overlaid Patch Reflective Cracking 1 – 5 
Q Longitudinal/Center of Lane Cracking 1 – 5 
R Reflective Widening Crack 1 – 5 
S Centerline Deterioration 1 – 4 
T Edge Cracking 1 – 4 
U Permanent Patch Deterioration 1 – 4 
V Shoving, Bumps, Sags, Corrugation 1 – 3 
W Weathering, Raveling, Segregation, Oxidation 1 – 4 
Asphalt 
X Reflective D-Cracking 2 – 3 
 
 

